The influence of a 6-week intervention on factors thought to be related to ectopic cardiac rhythms was tested in normal men with frequent ventricular premature contractions (VPCs), using a randomized, controlled and partial crossover design. The VPC intervention trial experimental regimen included total abstinence from caffeine and smoking, reduction of alcohol intake, and a physical conditioning program. Effects were studied in detail among 81 healthy men with persistent VPCs. VPCs were measured during standard states of rest, dynamic and isometric exercise and other stresses, and 24-hour ambulatory monitoring. Adherence to the treatment was excellent. The experimental group achieved more than 80% of activities asked of them, and little "contamination" occurred in the control group.
FOR YEARS, CARDIAC EXCITABILITY and the presence of ventricular premature contractions (VPCs) have been related by anecdote and clinical impression to excessive caffeine and alcohol consumption and tobacco smoking. Caffeine, alcohol, and different components of tobacco have been associated with several experimental mechanisms of cardiac excitability and ectopia.' Based on these reports,6 abstinence from alcohol, coffee, and cigarette smoking has long been advised among patients with symptomatic arrhythmias and palpitations.
Mechanisms postulated include the relationship between catecholamine activity and ventricular ectopy. [10] [11] [12] Autonomic vasoregulatory mechanisms are considered important and these, in turn, are thought to be modified by hygienic measures, including vigorous physical conditioning. None of these ideas is firmly based on quantitative observations, although an earlier study from this laboratory suggested that VPCs might be influenced by enhanced physical activity. 13 Finally, the pharmacologic approach to longterm VPC suppression in cardiac patients is still unsatisfactory. Therefore, we designed a crossover, controlled trial to test the hypothesis that systematic and multiple non-drug interventions, on common characteristics and behavior thought to induce ventricular ectopy, will suppress VPCs in normal men with persistent ectopic beats. This approach is amenable to application and study in cardiac patients with frequent VPCs of different mechanisms and import.
Methods

Study Population
A primary screening to detect those with frequent resting VPCs was carried out in 10,880 men aged 35-57 years, representing approximately an 80% response rate to invitation of all age-eligible men in specified census tracts of the Twin Cities of Minnesota. The screening method, prevalence results and detailed VPC detection and induction tests have been reported previously. 16 The VPC detection is from a 2-minute lead I ECG taken with the subject in a semirecumbent position at the last station of a multiple risk factor screening." Some subjects with any resting VPCs, were eligible for a multiple risk factor intervention trial on coronary heart disease; others had a history of previous heart attacks or a history of medications for diabetes; still others had ECG abnormalities (Minnesota Code 6-4 (Wolff-Parkinson-White pattern); 7-1,2 (left and right complete bundle branch block); (atrial fibrillation); or codable Q/QS waves) on the rhythm strip. All of these subjects were excluded from further selec-tion. Eventually, 446 of the 540 men who had any VPCs at the primary screening were invited for further study. Eligibility to participate in the VPC intervention trial was based on three conditions: I) Freedom from detectable cardiovascular abnormalities: history of heart attack, angina pectoris, congenital or theumatic heart disease, congestive heart failure, intermittent claudication, diabetes, cerebrovascular disease or thyroid disease; evidence of heart disease at a physical examination, including precordial auscultation to exclude mitral valve prolapse; blood pressure > 100 mm Hg diastolic (the average of two consecutive readings); an abnormal resting ECG (major Minnesota Code items of depolarization or repolarization findings or blocks); a positive answer to a self-administered questionnaire concerning angina pectoris, myocardial infarction or intermittent claudication; exercise-induced angina pectoris or exercise-induced ischemia on the ECG; any regular intake of medications (including antiarrhythmic agents) which might affect the cardiovascular system.
2) VPC on subsequent induction tests: VPC presence was required at each of two further selection visits and those who had five or more VPC at both visits were accepted.
3) Willingness to join the trial: At each contact during the selection phase the participant's commitment and ability to join in and adhere to the physical conditioning classes and the required life style changes were subjectively assessed. If these were judged inadequate, the person was excluded from further participation in the study.
Assessment of Ventricular Ectopic Activity
After the primary screening, two selection visits were made at this clinic in the Memorial Stadium of the University of Minnesota.
A combination of induction tests, including isometric and dynamic work and 24-hour monitoring as detailed elsewhere,'5 were administered at separate examinations 2 weeks apart. The 24-hour monitoring was carried out in only one-fourth of the participants because the technician time and analytical facilities available were limited. Analyses All ECG tracings except for those in ambulatory records were manually and independently coded by two trained technicians according to standard rules and procedures."' The 24-hour monitoring tapes were analyzed with an Avionics Electrocardioscanner (Model 660). VPC frequency was measured with an error of 10-20% and with a sensitivity for complex VPC forms of 89%. '17 The VPC Intervention Trial Eligible men were randomly allocated into one of three groups ( fig. 1 ): 1) Group A participants were asked to retain their usual life habits during a 6-week period. 2) Group B participants were asked to quit smoking for a 6-week period and abstain from coffee, tea, cola beverages, chocolate, and caffeine-containing drugs; to limit alcohol intake to four or less alcoholic drinks per week and never more than two per day; and to sleep sufficiently to awaken refreshed in the morning, spending at least 7 consecutive hours in bed. 3) Group C participants were asked to make the same changes as those in group B but also asked to attend a supervised physical conditioning program at a local YMCA for 1 hour three times a week during the 6-week period. After the first 6-week experimental period, all groups went through VPC induction tests identical to those used in the selection process. After this examination, participants initially in group A as controls were offered an intervention program identical to that used in group C during the first 6 weeks of multifactor intervention. Simultaneously, participants originally in groups B and C were asked to resume their previous life style as "crossover controls" (with the exception of cigarette smoking if they had successfully quit). Six weeks later, that is, 12 weeks after the initial randomization, all VPC detection tests were repeated for the final examination.
Detailed information and advice were provided in an orientation session for groups of six men at the beginning of each intervention period. Substitute activities for smoking and for caffeine and alcohol consumption were proposed and detailed procedures described in a handout. Relaxation exercises were recommended for those with sleep problems. The physical conditioning program started at an individualized level in which the target heart rate for the exercise period was 70% of the greatest heart rate achieved at the treadmill test of the previous selection visit. Each physical conditioning session took about 1 hour, 3 days a week, and consisted of walk-jogging, ball games and swimming. After the first week of intervention, participants' experiences were discussed in group session, and further support offered by the intervention staff. 
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The sum of these weights at baseline is called the requirement score and during follow-up the achievement score.
Monitoring Adherence
Adherence to the intervention program was estimated by analysis of daily records kept by participants about their smoking habit, caffeine and alcohol consumption and hours of sleep. A score was calculated for each man based on behavior before entering the trial. Score of items and their relative "weights" are listed in table 1. At the end of each study period the score was recalculated, based on each man's reported modifications. Change in the score was considered the measure of adherence to the hygienic interventions. A high score at baseline indicated that several factors needed to be changed; a successful follow-up achievement score approached zero. Adherence to the supervised physical conditioning program was based simply on class attendance.
Statistical Significance Testing
All tables of results presented give values (mean i SD) in the various categories of VPCs, represented as VPC/min, number of VPC/100 beats, and the natural logarithm of VPC/min. We used various ways of testing statistical significance. The most sophisticated analysis was a weighted multiple linear regression, predicting change in VPC rates for each man from one observation point to the next, depending on the intervening treatment. T tests and analysis of variance were also used on untransformed data.
Results
General Characteristics of the Experimental Groups
Eighty-nine participants entered the trial originally: 30 were randomly allocated to group A, the initial control group; 31 to group B, the initial hygienic inter- During the study, eight men who did not differ significantly in baseline characteristics from the participants ceased attending and were excluded from analysis. There were two dropouts from group A, leaving a total of 28; four from group B, leaving 27, and two from group C, leaving 26.
Ventricular Ectopic Activity at Baseline
The frequency of VPC/min for baseline detection and induction tests is presented for each group in table 4; there was no significant differences between groups. However, the VPC frequency was significantly different during 24-hour ambulatory monitoring, and is attributed to chance variation for the small samples. Table 5 gives group differences (range and SD) between the first and second selection visits for mean VPC/min. These data illustrate the large intraindividual variability in VPC frequency by all methods of assessment.
Adherence to the Intervention Program
Complete data on adherence were available in 89% of participants. Their self-reported records suggest a satisfactory adherence to the prescribed intervention program (table 6). Groups B and C achieved more than 80% of the required adherence during the first 6 weeks of the experiment, during which there was less than 10% "contamination" of the behavior of the controls of group A.
During the second, crossover part of the study, group A achieved 96% of the requested adherence, while participants in groups B and C appeared mostly to return to their previous habits. Throughout, attendance at the physical conditioning sessions was good; over 70% of possible appointments were kept. Improved work performance on follow-up treadmill test provides physiologic validation of this intervention. For example, men who reached the goal, a work heart rate of 150 beats/min, increased their treadmill time by 1 minute after training in group A. Men in group C increased their treadmill time to a work heart rate of 150 beats/min by 43 seconds on average after their training period; it decreased by 17 seconds on average in their control period after the conditioning period.
Changes in VPC Rates
Changes in VPC frequency during the first 6 weeks, and again during the second 6 weeks, were studied within and between the three groups. For all tests except 24-hour ambulatory monitoring, we analyzed the number of VPC/min, number of VPC/100 heart beats, and the natural logarithm of VPC/min. Because these analyses revealed no difference in the results, the findings for VPC/min are presented here as representative. Table 7 summarizes the experimental results of VPC/min from selection visits to experimental visits at 6 weeks and 12 weeks. VPC/min are given for the standard 12-lead resting ECG, the 2-minute rhythm strip, the 6-minute isometric exercise test and 2 minutes of recovery, and the first 8 minutes on the treadmill and 3 minutes of recovery. The results are given for participants who completed the entire 12- week study. Ambulatory 24-hour monitoring results in random subsamples of each group are presented in table 8 .
All results indicate the large intra-individual variability in VPC/min already evident in baseline tests (table 5) . Only one finding (table 7) suggests an effect of the trial on VPC frequency during treadmill exercise. Both group A and group C had fewer VPCs on the treadmill (2.7 and 2.2/min, respectively) at the end of the physical conditioning intervention. Group C improved in a lower level of VPC in the 6 weeks after their exercise program, while cardiovascular conditioning effects remained. On the other hand, group C had 3.3 VPC/min at the second selection visit (table  7) , and had only 2.4 VPC/min at the initial selection visit. Group A had an unexplained drop to 3.4 VPC/min during its control period, nearly to the level achieved after 6 weeks of exercise conditioning. Finally, VPC/min in group B were highly variable.
Although an effect of the physical conditioning program on VPC frequency during exercise cannot be completely excluded, the high variability and lack of consistency in the findings renders such a conclusion uncertain. We conclude that no overall significant change and no systematic change occurred in mean VPC rate in any group, in any period of the trial, in any of the VPC detection tests.
Complex VPC Table 9 gives the percentages of subjects with various types of complex VPCs during isometric and treadmill exercise tests combined. These are classed as multifocal VPCs, VPCs showing the R on T phenomenon, pairs or repetitive VPCs and runs of VPCs. Frequency of these complex forms at baseline is compared for each group with that at 6 weeks. No significant differences were observed within and between the groups. In a previous study the repeatability of detecting complex VPC forms was poor for the individual but satisfactory for groups. '6 Discussion The mechanisms of ventricular ectopic rhythms in apparently normal men are poorly understood. VPCs in cardiac patients are thought to be related to myocardial ischemia giving rise to disturbed impulse formation and conduction. In epidemiologic studies associations of VPCs are found with age,'8-21 resting systolic blood pressure,'4 dynamic22 and isometric exercise,23 and coffee and tea (Prineas RJ, Jacobs D, Crow R, Blackburn H: unpublished data). VPCs and arrhythmias have also been associated clinically with coffee and nicotine consumption.6-However, direct experimental studies of the effect of cigarette smoking and caffeine on the heart showed little influence on ventricular ectopic activity.24' 26 Epidemiologic studies found no relation between VPC and the number of cigarettes currently smoked'4' 20, 26 nor between smoking habits and exercise-induced arrhythmias. 27 However, nicotine stimulates sympathetic endings resulting in the release of catecholamines,28-30 and causes increased catecholamine discharge from the adrenal medulla and from chromaffin tissue in the heart.3" 32 Cigarette smoking has also been shown to lower ventricular fibrillation threshold during an attack of myocardial ischemia.'-3
Several authors have postulated a relationship between catecholamine levels and ectopic activity,'0 12 and consider that autonomic vasoregulatory mechanisms are important and probably modifiable by hygienic or psychological measures. Excess consumption of alcohol has also been cited as a possible cause of VPC.33-36 Large single doses of ethanol provoke not only an increase in adrenaline and noradrenaline excretion during and immediately after ingestion, but augment the catecholamine excretion on withdrawal. Increase in the urinary excretion of adrenal hormones persists for a week after heavy ethanol ingestion.37
An earlier study in this laboratory attempted to assess the effects of exercise conditioning as an adjunct to VPC suppression, but the results were equivocal.'s Experiments in dogs indicate that physical conditioning raises the ventricular fibrillation threshold.38 However, in cardiac patients who adhered to a physical conditioning program, no difference in VPC rates was found during a 6-month follow-up period.39
Previous studies do not ascertain the mechanisms of ventricular ectopic activity in healthy men, which are probably different from mechanisms of ventricular ectopic activity acting in ischemic heart disease.
These considerations led us to study and analyze relationships between suspect causal factors and VPC frequency. The influence on VPC frequency of a 6week regimen requiring total abstinence from tobacco smoking and caffeine, reduction of alcohol intake, and a physical conditioning program was assessed in apparently healthy middle-aged men with persistently measurable VPCs. Despite the apparent absence of long-term prognostic significance of VPCs in otherwise healthy men, we undertook this study from an interest in basic human physiology as well as the Abbreviations: MF = multiform VPC; RT = R on T phenomenon; PR VPC pairs; RN = VPC runs. 767 VOL 59, No 4, APRIL 1979 potential implications for patients with symptomatic heart disease and arrhythmias.
The study demonstrated the adequacy of adherence to an intervention program on behavioral factors thought to be related to VPCs. It also assessed systematically the reliability and validity of several methods of VPC detection and induction.' 5 16 The large inter-and intra-individual variability in VPC frequency implies that useful studies of change in VPC frequency will be difficult, and that the power of statistics to demonstrate effects of any intervention on VPC frequency will be low.
The modest changes in VPC frequency seen in this study can largely be explained by chance, and we conclude that our 6-week multifactor hygienic intervention program had no significant influence on VPC activity measured under standard conditions among normal men with consistent VPCs. It is unlikely, on the average, that VPC frequency or characteristics in healthy men are greatly affected by hygienic intervention, including physical conditioning. The multifactor design of the study was strong, but the study population and "dosage range" were too small to assess individual factors or susceptibility. For example, although the baseline risk score averaged more than four (table 6), only 28 men smoked cigarettes and only 18 drank as many as six cups of coffee per day. The negative finding of this study may also be due to the short study periods of 6 weeks.
Finally, applying inferences from these results in normal men to the issues of VPCs in cardiac patients is not appropriate because the mechanisms and the prognostic significance of VPCs in these instances are different. Because of the poor risk/benefit ratio of present methods for long-term suppression of ventricular ectopic rhythms in ischemic heart disease patients, it may be appropriate to attempt a similar multifactor intervention on these and psychic factors in their ectopic rhythms. Experimental reproduction of the long Q-T syndrome in cats7 supported the hypothesis4' 10 that congenitally subnormal activity of the right stellate ganglion combined with reflex overactivity of the left stellate ganglion may cause the prolonged Q-T interval, increased excitability, ectopy and vulnerability to fibrillation of the ventricles of patients with the long Q-T syndrome. The abolition of syncope after excision of the left stellate ganglion in 11 patients unresponsive to medical treat-ment7'" also supports the hypothesis of imbalanced cardiac influences from the stellate ganglia., 10 This study examines the responses of the corrected Q-T interval of the ECG, of the phenomena of alternans of the Q-T interval and T wave, and of ventricular ec-topy, ventricular tachycardia (VT) and ventricular fibrillation (VF) during interventions which influenced individually or collectively the stellate ganglia in seven patients with the Romano-Ward type of long Q-T syndrome.'2
Materials and Methods Patients
The data on the seven patients are summarized in table 1. All had repetitive syncope in adult life, ventricular ectopy, and periodic spontaneous alternation of the duration of the Q-T interval and of the voltage and duration of the T wave. None had ultrasonic evidence of hypertrophy of the interventricular septum. Case 4 had a normal echocardiogram at presentation, but showed prolapse of the mitral valve 2.5 years later. Cases 2, 3 and 6 had auscultatory signs compatible with mitral prolapse but normal echocardiograms. Syncope and ectopy may have been related to mitral prolapse,'3' 1' but it is unlikely, since mitral prolapse is rarely detected in Romano-Ward syndrome.'5 All cases met criteria for the Romano-Ward variant.'' 3 None took psychotropic drugs known to cause ectopy or ECG changes.'6 Cases 5 and 7 may represent the long Q-T syndrome unmasked by stress. Both had delirium tremens before onset of symptomatic ventricular ectopy. In the absence of acute intoxication and of hypomagnesemia, both had alternation of the Q-T interval and T wave similar to previous description.'7
